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(54) ROADSIDE TRANSMITTER 

(57) In a communication system between a road 
and a vehicle, communicating between a plurality of 
road communication stations arranged in a cell and a 
vehicle-mounted mobile station within the cell, a vehicle- 
mounted transmitting equipment, in which communica- 
tion is not interrupted even when a received frequency 
varies due to the Doppler effect and which performs sta- 
ble communication, is realized. A transmitting antenna 
36a having a directivity in the running direction of the 
vehicle and a transmitting antenna 36b having a direc- 
tivity opposite to the running direction of the vehicle are 
arranged. An offset for increasing a frequency is provid- 
ed for a radio wave emitted from the antenna 36a while 
an offset for lowering a frequency is provided for a radio 
wave emitted from the antenna 36b. The variation in the 
received frequency depending on the Doppler shift is re- 
duced for the vehicle-mounted receiving device to facil- 
itate automatic frequency control (AFC), thereby reduc- 
ing degradation in the quality of data after demodulation. 
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Description 

Technical Field 

[0001] The present invention relates to a road trans- 
mission equipment used in a communication system be- 
tween a road and a vehicle, allowing mobile communi- 
cation between a road and a mobile station by locating 
a plurality of road antennas along the road to form a cell 
on the road. 

Background Art 

[0002] There is an increasing demand for communi- 
cations between road controllers and vehicles. On a su- 
perhighway, in particular, to enable a vehicle to operate 
on the road without any burden on the driver and any 
accident both for the controller and the driver, frequent 
interchange of information is necessary between the 
road and the vehicle. One type of such a developed sys- 
tem is a self-operating system that allows a vehicle to 
run with close communication between the road and the 
vehicle, which are equipped with various sensors and a 
camera (see, for example, Japanese Unexamined Pat- 
ent Publication No.241495 of 1986). 
[0003] For the construction of a driving support sys- 
tem (hereinafter, referred to as "communication system 
between a road and a vehicle") which makes use of the 
communication with the vehicle for future extension into 
a self-operating system, it is necessary to provide a 
communication area (cell) on the road. 
[0004] To provide such a cell, we may consider laying 
a leakage coaxial cable along the road. However, the 
drawback of this method is that large-scale construction 
is needed for laying such a cable. In addition, since it is 
required to locate the leakage coaxial cable at a rela- 
tively low position on the ground, the distance for which 
a radio wave propagates in a direction across a traffic 
lane is disadvantageously short. 
[0005] On the other hand, if the communication is per- 
formed with a plurality of road antennas being arranged 
on the road at predetermined intervals, a single road an- 
tenna can cover a relatively large cell. In this case, each 
of the road antennas is connected to a central base sta- 
tion of the road controller via an optical fiber and the like. 
[0006] In the case where the road antennas are pro- 
vided, when a large-size vehicle comes proximate to a 
small-size vehicle, it obstructs the view of the driver of 
the small-size vehicle, preventing him from seeing the 
road antenna from inside the small-size vehicle. In par- 
ticular, it is likely that a microwave or a millimeter wave 
of a high frequency having a small angle of diffraction is 
blocked. Accordingly, the communication between the 
vehicle and the road is interrupted, thereby preventing 
continued communications. 

[0007] Therefore, in order to enable continuous com- 
munications between the road and the vehicle, multi- 
station communication has been proposed. According 



to this multi-station communication, a plurality of road 
antennas having an inherent directivity are provided 
along the road, and radio waves of the same frequency 
and the same content are emitted from the respective 

5 road antennas toward the same cell. 

[0008] A multi-station communication system is ad- 
vantageous because such a system has a plurality of 
propagation paths for radio waves to be emitted and 
therefore the radio wave avoids being blocked so as to 

10 continuously perform smooth communication between 
a mobile station and a road communication station even 
when a vehicle runs proximate to a large-size vehicle 
such as a truck. 

[0009] In the multi-station communication system, 

15 however, the Doppler effect occurs when a vehicle 
moves. The antennas receiving radio waves from the 
front and behind receive radio waves of respectively dif- 
ferent frequencies based on Doppler shift. 
[0010] FIGURE 9(a) shows an arrangement of con- 

20 ventional road antennas a, b, and c in a multi-station 
communication system and a vehicle running under 
these antennas. A receiving antenna 61 and a receiving 
device 4 are mounted on the vehicle. 
[0011] FIGURE 9(b) is a graph showing the transi- 

25 tions of deviations of the frequencies received by the 
receiving antenna 61 . The transition of a deviation of the 
frequency received by the receiving antenna 61 from the 
road antenna a is indicated by a line a, the transition of 
a deviation of the frequency received by the receiving 

30 antenna 61 from the road antenna b is indicated by a 
line b, and the transition of a deviation of the frequency 
received by the receiving antenna 61 from the road an- 
tenna c is indicated by a line c. 

[0012] An exemplar value of the deviation of the fre- 
35 quency received from the road antenna a will be given. 
Doppler shift Af is expressed by: Af = fO v/c (c is a velocity 
of light), where a transmitted frequency of the road an- 
tenna is f 0, and v is a velocity of a vehicle. When the 
vehicle runs on the road, the Doppler 
40 shift Af is given by: 

Af = f0(v/c)L(L 2 + H 2 )" 1 ' 2 

45 where the height of the road antenna from the ground 
is H, and a distance between the vehicle and the road 
antenna is L. Assuming fO = 5.8 GHz, v = 100 km/h, and 
H=10 (m), the Doppler shift Af is expressed by: 

Af=537-L(L 2 + H 2 ) 1/2 (Hz) 

When the distance between the road antennas is set to 
50 (m), the value of L ranges from 0 (m) to 50 (m). Ac- 
55 cordingly, the Doppler shift Af ranges from 0 to 527(Hz). 
At the middle point between the antennas, i.e. L = 25 
(m), the Doppler shift Af is 499(Hz). 
[001 3] With the arrangement of the road antennas as 
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shown in FIG. 9(a), there occurs skipping of received 
frequencies as shown in FIG. 9(b) each time a vehicle 
passes near the middle point between the antennas. 
This skipping is caused because the automatic frequen- 
cy control (AFC) of the receiving device 4 is drawn to- 
ward the frequency having greater receiving power. This 
skipping makes it difficult to follow the frequency control 
in a receiving section, resulting in the interruption of 
communication during the occurrence of skipping. 
[0014] Accordingly, it is desired to reduce the Doppler 
effect on the side of the road-transmitting device in the 
communication system between a road and a vehicle 
performing communication between a plurality of road 
communication stations arranged in a cell and a vehicle- 
mounted mobile station within the cell. 

Disclosure of the Invention 

[001 5] (1 ) A road transmission equipment as set forth 
in Claim 1 with the view of achieving the abovemen- 
tioned object, comprises: 

a first transmitting antenna having a directivity in a 
running direction of a vehicle, 
a second transmitting antenna having a directivity 
in a direction opposite to the running direction of the 
vehicle, a first transmitting section and a second 
transmitting section respectively connected to the 
first transmitting antenna and the second transmit- 
ting antenna to output signals of the same frequen- 
cy, and 

a frequency correction section, wherein; 
the frequency correction section performs correc- 
tion so as to provide the first transmitting section 
with a positive frequency offset for increasing a fre- 
quency of a signal supplied to the first transmitting 
antenna, and so as to provide the second transmit- 
ting section with a negative frequency offset for low- 
ering a frequency of a signal supplied to the second 
transmitting antenna. 

[0016] In the present invention, an offset for increas- 
ing the frequency is provided for an radio wave directed 
in the running direction of the vehicle while an offset for 
lowering the frequency is provided for an radio wave di- 
rected in the opposite direction to the running direction 
of the vehicle, for transmission of these radio waves. 
[0017] Therefore, the variation in the received fre- 
quency based on the Doppler shift is reduced for the 
vehicle-mounted receiving device to lessen the require- 
ments for frequency control of automatic frequency con- 
trol (AFC). Thus, the degradation of the quality of data 
after demodulation is reduced. 

[001 8] (2) It is preferred that the amounts of the pos- 
itive frequency offset and the negative frequency offset 
provided by the frequency correction section are equal 
to each other (Claim 2). 

[001 9] The reason being that since the running speed 



of the vehicle is normally almost consistent within the 
cell, the amount of Doppler shift of the radio wave di- 
rected in the running direction of the vehicle, to which 
the vehicle-mounted receiving device is subjected, is al- 
5 so considered to be the same as that of the radio wave 
directed in the opposite direction to the running direc- 
tion, to which the vehicle-mounted receiving device is 
subjected. 

[0020] (3) The road transmission equipment accord- 
to ing to the present invention may further comprise a 
speed detection means for detecting the speed of the 
vehicle running in the cell, wherein 

the frequency correction section may set the 
amount of the frequency offset based on the detected 
15 speed of the vehicle (Claim 3). 

[0021] Since the amount of Doppler shift of the vehi- 
cle-mounted receiving device can be obtained if the run- 
ning speed of the vehicle can be detected, the amount 
of a frequency offset can be set based on the amount 
20 of the Doppler shift. Accordingly, in the case where the 
speed of the vehicle changes with time, accurate fre- 
quency correction can be performed in real time. 
[0022] When a plurality of vehicles are present in the 
cell and the speed of each vehicle can be detected, the 
25 amount of frequency offset is set based on the average 
value of the speeds of a plurality of vehicles. 
[0023] (4) The amount of the frequency offset provid- 
ed by the frequency correction section may be set to a 
fixed value on the assumption that the vehicle is sub- 
30 jected to constant Doppler shift (Claim 4). 

[0024] Normally, it is considered that the running 
speed of a vehicle is almost always consistent within the 
same cell on the same road and does not greatly change 
with time (although the running speed changes consid- 
35 erably in the case of traffic restriction or traffic conges- 
tion, the frequency and the duration of traffic restriction 
or traffic congestion cannot be predicted). 
[0025] Therefore, even with the fixed amount of fre- 
quency offset, the object of the present invention of re- 
40 ducing the variation in the received frequency based on 
the Doppler shift can be achieved. 
[0026] Moreover, since the speed detection means is 
no longer needed, the configuration of the road trans- 
mission equipment is advantageously simplified. 
45 (5) The first transmitting section and the second trans- 
mitting section may transmit an orthogonal frequency di- 
vision multiplex (OFDM) modulated radio wave (Claim 

[0027] In a case where an OFDM modulation method 
so is used for dividing transmitted information into subcar- 
riers and transmitting the obtained subcarriers, the sen- 
sitivity of a bit error rate with respect to a frequency dis- 
arrangement is high because a distance between the 
frequencies of adjacent subcarriers is small. According- 
55 |y, in a conventional communication system between a 
road and a vehicle as illustrated in FIG. 9, a Doppler 
frequency change increases, thereby degrading the 
transmission characteristics. 
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[0028] Since the correction for providing a frequency 
with an offset is performed so as to reduce a Doppler 
frequency change in the present invention, the present 
invention is extremely effective for a communication 
system between a road and a vehicle using an OFDM 
modulation method. 

Brief Description of the Drawings 

[0029] FIGURE 1 is a conceptual view showing the 
configuration of a communication system between a 
road and a vehicle. 

[0030] FIGURE 2 is a block diagram showing the in- 
ternal configuration of a transmitting device 2b of a 
transmitting and receiving station 2. 
[0031] FIGURE 3 is a graph illustrating symbol trans- 
mission by OFDM on a frequency axis f and a time axis t. 
[0032] FIGURE 4 is a block diagram showing an ex- 
emplary modification of the internal configuration of the 
transmitting device 2b shown in FIG. 2. 
[0033] FIGURE 5 is a circuit diagram showing an f d 
correction circuit 37 of the transmitting device 2b shown 
in FIG. 4. 

[0034] FIGURE 6 is a block diagram showing the in- 
ternal configuration of a receiving device 2a of the trans- 
mitting and receiving station 2. 

[0035] FIGURE 7 is a conceptual view showing the 
configuration of a vehicle-mounted mobile station 4. 
[0036] FIGURE 8(a) is a layout drawing showing the 
arrangement of road antennas a1 , a2; b1 , b2; d and c2 
of the road transmission equipment according to the 
present invention and a vehicle running thereunder; and 
FIG. 8(b) is a graph showing the transition of a deviation 
A f of a frequency received by the vehicle-mounted mo- 
bile station. 

[0037] FIGURE 9(a) is a layout drawing showing the 
arrangement of three road antennas a, b, and c of a con- 
ventional multi-station communication system and a ve- 
hicle running thereunder; and FIG. 9(b) is a graph show- 
ing the transition of a deviation of a received frequency. 

Best Mode for Carrying out the Invention 

(Embodiment 1) 

[0038] Hereinafter, a preferred embodiment of the 
present invention will be described in detail with refer- 
ence to the attached drawings. 

[0039] FIGURE 1 is a conceptual view showing the 
configuration of a communication system between a 
road and a vehicle. This communication system be- 
tween a road and a vehicle transmits and receives road 
transportation information between a road communica- 
tion station and a mobile station mounted on a vehicle. 
[0040] A ceil is formed along the road. In the cell or in 
the vicinity thereof, a plurality of transmitting and receiv- 
ing stations 2 are arranged at intervals. Each of the 
transmitting and receiving stations 2 has an antenna 



36a having a forward directivity and an antenna 36b 
having a rearward directivity along a running direction 
of the vehicle. 

[0041] A radio wave having a frequency offset toward 

5 the positive side is emitted into the cell from the anten- 
nas 36a having a forward directivity, while a radio wave 
having a frequency offset toward the negative side is 
emitted into the cell from the antennas 36b having a 
rearward directivity. 

10 [0042] The radio waves emitted from the antennas 
have the same frequency with exclusion of the offsets. 
[0043] The transmitting and receiving station 2 ac- 
quires transmitted data via a wire transmission line 9 
such as an optical fiber or a coaxial cable (although a 

15 wireless transmission line may be used instead of the 
wire transmission line, it is assumed hereinafter to use 
the "wire transmission line 9") from a central base sta- 
tion 1. The transmitted data is then subjected to OFDM 
modulation using a plurality of carrier waves (subcarri- 

20 ers) orthogonally crossing each other, and is transmitted 
as a wireless radio wave into the cell. The transmitting 
and receiving station 2 receives the OFDM modulated 
wireless radio wave from the vehicle-mounted mobile 
station 4 in the cell, and then perform OFDM demodu- 

25 lation on this wireless radio wave so as to transmit the 
received data via the wire transmission line 9 from the 
central base station 1 . 

[0044] The combination of the function of the trans- 
mitting and receiving station 2 and the function of the 
30 central base station 1 will be referred to as the "road 
communication station". 

[0045] The reason for use of the OFDM modulation 
method is as follows. 

[0046] In the case of multi-station communication, 
35 since a plurality of radio waves are emitted with similar 
transmission power into the same cell, phasing is 
caused by multipath. As a result, intercarrier interfer- 
ence or intersymbol interference frequently occurs. 
Consequently, it is essential to remove the effects of 
40 such interference in the system construction. 

[0047] Generally, a mobile object communication sys- 
tem using a single carrier is likely to be subjected to the 
effect of intersymbol interference by the multipath de- 
layed wave. 

45 [0048] Accordingly, it is proposed to use the OFDM 
modulation method that is capable of transmitting a plu- 
rality of subcarriers obtained by dividing a carrier. The 
OFDM modulation method is advantageous in that the 
effects of a delayed wave can be eliminated by setting 

50 a guard time. 

[0049] FIGURE 2 is a block diagram showing the in- 
ternal configuration of a transmitting device 2b of the 
transmitting and receiving station 2. 
[0050] The transmitting device 2b comprises a serial/ 

55 parallel (S/P) converting circuit 31, an fd setting circuit 
32, an inverse Fourier transform circuit 33, QPSK mod- 
ulation circuits 34a and 34b, up-converters 35a and 35b 
and the like. 
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[0051] The inverse Fourier transform circuit 33 realiz- 
es various functions as follows. The inverse Fourier 
transform circuit 33 performs inverse Fourier transform 
on the transmitted data supplied in parallel from the S/ 
P converting circuit 31, converts the inverse Fourier 
transformed data to return it to serial, and time-com- 
presses a serial symbol string so as to move a posterior 
symbol to the beginning of the string, thereby setting a 
guard time. 

[0052] FIGURE 3 is a graph showing the symbol 
transmission by OFDM on a frequency axis f and a time 
axis t. An effective symbol length is represented by TS, 
and a guard time is given by At. A time compression ratio 
is represented by (TS + At)/TS. In the case of QPSK, 
TS is expressed by: 

TS = 2n/m(|i sec) 

where the number of subcarriers is n, and the transmis- 
sion rate is m (Mbps). 

[0053] It is required to set the guard time At of the 
OFDM modulation to be longer than the time delayed 
by the multipath. In this way, the transmitting and receiv- 
ing station 2 and the vehicle-mounted mobile station 4 
can avoid intersymbol interference so as to accurately 
restore the received signal without being adversely af- 
fected by the propagation delay due to the presence of 
a plurality of propagation paths for the radio wave (mul- 
tipath). 

[0054] With reference to FIG. 2, the QPSK modulation 
circuits 34a and 34b perform QPSK transform by D/A 
converting a signal corresponding to the phase 0° and 
a signal corresponding to the phase 180°, and a signal 
corresponding to the phase 90° and a signal corre- 
sponding to the phase 270° which are output from the 
inverse Fourier transform circuit 33, subjecting these 
signals respectively to a sin wave and a cos wave, and 
adding them. 

[0055] Needless to say, although QPSK modulation 
is performed in this embodiment, other modulation 
methods, for example, QAM, BPSK, 8PSK and the like 
may be used. In the following description, however, it is 
assumed that QPSK modulation is performed unless 
specifically noted. 

[0056] The up-converters 35a and 35b are circuits for 
frequency conversion into a wireless frequency. The 
output signals from the up-converters 35a and 35b pass 
through a circulator and a coaxial cable to be emitted 
from road antennas 36a and 36b as radio waves. 
[0057] Herein, a method for providing a frequency 
with an offset in the QPSK modulation circuit 34 will be 
described. 

[0058] The f d setting circuit 32 is a circuit for setting 
an offset frequency f d . For this setting of the offset fre- 
quency, there are methods of: (1) detecting running 
speed of a vehicle moving on the road in real time, there- 
by setting the offset frequency; and (2) previously giving 



the offset frequency as a constant. 
[0059] For detecting the running speed of a vehicle 
according to the method (1), for example, there are (1-1) 
a method for obtaining average running speed of the ve- 

5 hides based on the speed information transmitted from 
each vehicle within the cell; (1-2) a method for obtaining 
average running speed by detecting the speed of each 
vehicle with an ultrasonic speed sensor or a television 
camera being arranged on the road; and (1-3) a method 

10 for obtaining the average running speed of the vehicles 
by detecting the speed of each vehicle based on Dop- 
pler shift Af detected on automatic frequency control 
(AFC) in the receiving device 2a. 
[0060] In the method (2) of previously giving an offset 

15 frequency as a constant, it is assumed that the vehicle 
always runs at the speed which has been previously ob- 
tained in a statistical or experimental fashion within the 
cell. On the road where traffic is constant, the configu- 
ration can be simplified with the running speed of a ve- 

20 hide being fixed as a constant rather than with the run- 
ning speed detected in real time because it is not nec- 
essary to provide a running speed detection means. 
[0061] The amount of the offset frequency fd is set to 
be a half of the maximum Doppler shift Fd (fd = Fd/2) 

25 which a vehicle experiences in a case where the vehicle 
runs at said speed. 

[0062] A signal corresponding to the thus set offset 
frequency + fd is supplied to a voltage control oscillation 
(VCO) circuit. Then, a signal having an angular frequen- 
30 cy of o) + 2 it fd is generated by a PLL oscillator. After 
being provided with a phase difference of 90° by a 
phase-shift circuit, the signal having an angular frequen- 
cy of (o + 2 n fd is supplied to the QPSK modulation cir- 
cuit 34a. 

35 [0063] On the other hand, a signal corresponding to 
the offset frequency - fd is supplied to a VCO circuit. 
Then, a signal having an angular frequency of to - 2 n fd 
is generated by the PLL oscillator. After being provided 
with a phase difference of 90° by the phase-shift circuit, 

40 the signal having an angular frequency of © - 2 n fd is 
supplied to the QPSK modulation circuit 34b. 
[0064] As a result, a frequency signal having an offset 
of + fd is obtained from the QPSK modulation circuit 34a 
while a frequency signal having an offset of - fd is ob- 

45 tained from the QPSK modulation circuit 34b. 

[0065] FIGURE 4 is a block diagram showing an ex- 
emplary modification of the internal configuration of the 
transmitting device 2b shown in FIG. 2. 
[0066] In comparison, the circuit configuration shown 

so in FIG. 4 differs from that shown in FIG. 2 in that a signal 
I having an in-phase component and a signal Q having 
an orthogonal component to be input into the QPSK 
modulation circuit 34 are subjected to frequency correc- 
tion so as to be provided with offsets while signals hav- 

55 ing angular frequencies of to ± 2 n f d are supplied to a 
local oscillation circuit of the QPSK modulation circuit 
34 so as to be provided with offsets in the circuit config- 
uration of FIG. 2. 
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[0067] A circuit for correcting the offset frequency is 
an f d correction circuit 37. 

[0068] FIGURE 5 is a circuit diagram showing the in- 
ternal configuration of the fd correction circuit 37. The 
fd correction circuit 37 produces signals of cos(2 n fdt) 
and sin(2 n fdt) based on the information of the offset 
frequency fd obtained from the fd setting circuit 32. 
Then, the signal I having an in-phase component and 
the signal Q having an orthogonal component output 
from the inverse Fourier transform circuit 33 are respec- 
tively multiplied by cos(2 k fdt) and sin(2 n fdt) to obtain 
four signals: 

I cos(2 71 f d t), 
I sin(2 n f d t), 
Q cos(2 7i f d t), and 
Q sin(2 7t f d t) 

[0069] Furthermore, these four signals are added and 
subtracted so as to obtain 
la, lb, Qa and Qb: 

la = I cos(2 n f d t) - Q sin(2 tt f d t) 



Qa = Q cos(2 Tt f d t) + I sin(2 n f d t) 



lb = I cos(2 Tt f d t) + Q sin(2 7tf d t) 



Qb = Q cos(2 n f d t) - I sin(2 7if d t) 

[0070] Then, la and Qa are supplied to the QPSK 
modulation circuit 34a while lb and Qb are supplied to 
the QPSK modulation circuit 34b. 
[0071] As a result, a frequency signal having an offset 
of + f d is obtained from the QPSK modulation circuit 34a 
while a frequency signal having an offset of - f d is ob- 
tained from the QPSK modulation circuit 34b. 
[0072] FIGURE 6 is a block diagram showing the in- 
ternal configuration of the receiving device 2a of the re- 
ceiving and transmitting station 2. 
[0073] The receiving device 2a comprises a receiving 
antenna 21, a down-converter 22, a QPSK demodula- 
tion circuit 23, a Fourier transform circuit 24, a P/S (par- 
allel/serial) converting circuit 26, a Af detecting section 
27, and the like. 

[0074] The down-converter 22 of the receiving device 
2a is a circuit which converts a wireless frequency into 
an intermediate frequency. 

[0075] In contrast with the QPSK modulation circuit 
34, the QPSK demodulation circuit 23 performs QPSK 
demodulation, wherein one of two divided signals is sub- 
jected to a sin wave while the other divided signal is sub- 
jected to a cos wave whose phase differs by 90° from 
that of the sin wave so as to A/D convert these divided 



signals. 

[0076] The frequency difference Af detecting section 
27 detects a deviation Af of the received frequency 
based on the in-phase component I (signal after being 

5 subjected to a cos wave) and the orthogonal component 
Q (signal after being subjected to a sin wave) of the 
QPSK demodulation circuit 23. The deviation Af of the 
received frequency can be obtained based on a differ- 
ence between a deflection angle (l/Q) t of a current l/Q 

10 and a deflection angle (I/Q)m sampled immediately be- 
fore l/Q which are obtained by calculating the deflection 
angle of a complex number l/Q at sampling time inter- 
vals. 



15 



Af=(l/Q) t -(l/Q) t .i 



[0077] The Af detecting section 27 feeds back the de- 
viation Af of the received frequency to the down-convert- 
20 er 22 and the QPSK demodulation circuit 23, thereby 
accomplishing the function of correcting the deviation Af 
of the received frequency. 

[0078] The Fourier transform circuit 24 performs 
processing that is opposite to that of the inverse Fourier 

25 transform circuit 33 on the transmission side. The Fou- 
rier transform circuit 24 performs Fourier transform on 
the QPSK demodulated signal with the effective symbol 
length TS as a window length, thereby obtaining a de- 
modulated signal. 

30 [0079] The P/S converting circuit 26 converts a Fou- 
rier transformed parallel signal into a serial signal. 
[0080] This data converted into a serial signal is trans- 
mitted to the central base station 1 . 
[0081] Next, the configuration of a vehicle-mounted 

35 mobile station to be mounted in the vehicle will be de- 
scribed. 

[0082] FIGURE 7 is a conceptual view showing the 
configuration of a vehicle-mounted mobile station 4. The 
vehicle-mounted mobile station 4 consists of a transmit- 

40 ting and receiving antenna 61, a receiving section, a 
transmitting section and a frequency control section. 
[0083] The transmitting section comprises a S/P con- 
verting circuit 47, an inverse Fourier transform circuit 49, 
a QPSK modulation circuit 50, and an up-converter 51 

45 and the like. 

[0084] The description for actions of the transmitting 
section is herein omitted because the configuration of 
the transmitting section is well-known and is identical 
with the main part of the configuration of the transmitting 

so device 2b on the road shown in FIG. 2. 

[0085] The receiving section comprises a down-con- 
verter 66 for converting a wireless frequency into an in- 
termediate frequency, a QPSK demodulation circuit 63, 
a Fourier transform circuit 64, a P/S converting circuit 

55 65 and the like. Since the configuration of the receiving 
part is also well-known and is similar to that of the re- 
ceiving device 2a described with reference to FIG. 6, the 
description thereof is herein omitted. 
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[0086] The frequency control section has the function 
of detecting a deviation Af of the received frequency of 
the receiving section and the function of performing fre- 
quency control of the receiving section based on the de- 
viation A f. 

[0087] The function of detecting the deviation Af of the 
received frequency can be described in the same man- 
ner as that for the function of the Af detecting section 27 
described with reference to FIG. 6. Specifically, deflec- 
tion angles l/Q of a complex number l/Q are calculated 
at sample time intervals based on the in-phase compo- 
nent I (signal after being subjected to a cos wave) and 
the orthogonal component Q (signal after being subject- 
ed to a sin wave) of the QPSK demodulation circuit 63. 
The deviation Af of the received frequency is then de- 
tected based on the difference between the deflection 
angle (l/Q) t of the current l/Q and a deflection angle (I/ 
Q) M sampled immediately before. 

Af = (l/Q) t -(I/Q) M 

[0088] The frequency control section feeds back the 
detected deviation Af of the received frequency to an 
oscillator of the down-converter 66, thereby accomplish- 
ing the function of correcting the deviation Af of the re- 
ceived frequency. 



where f org is a frequency at which oscillation occurs 
when A f is 0. 

[0089] FIGURE 8 is a graph showing the thus ob- 
tained deviations Af of frequencies. 
[0090] FIGURE 8(a) shows the arrangement of road 
antennas a1, a2; b1, b2; c1 and c2 of a road transmis- 
sion equipment of the present invention and a vehicle 
running thereunder. On vehicle 4, as described above, 
a transmitting and receiving antenna (hereinafter, sim- 
ply referred to as a "receiving antenna") 61 and a vehi- 
cle-mounted mobile station 4 are mounted. 
[0091] FIGURE 8(b) is a graph showing the transi- 
tions of the deviations Af of frequencies. The transition 
of a deviation of the frequency that the receiving anten- 
na 61 receives from the road antenna a2 is indicated by 
the line a2, the transition of a deviation of the frequency 
that the receiving antenna 61 receives from the road an- 
tenna b1 is indicated by the line b1, the transition of a 
deviation of the frequency that the receiving antenna 61 
receives from the road antenna b2 is indicated by the 
line b2, and the transition of a deviation of the frequency 
that the receiving antenna 61 receives from the road an- 
tenna d is indicated by the line d. 
[0092] As can be seen in the graph of FIG. 8(b), the 
deviation Af of the frequency is reduced to be almost 
half of that in FIG. 9 owing to the frequency offset fd of 
the transmitting device 2b on the road. For instance, tak- 



ing b1 as an example, if there is no frequency offset fd, 
the vehicle is subjected to the Doppler shift of Fd at the 
maximum. However, since the frequency offset fd has 
been previously provided, the Doppler shift to which the 
5 vehicle is subjected is halved immediately under the 
road antennas al and a2. 

[0093] Moreover, it is understood that the skipping of 
a frequency occurring in the vicinity A of the middle po- 
sition between road antennas with movement of the ve- 

10 hide is almost halved. Accordingly, in the case where 
automatic frequency control (AFC) is performed, thefol- 
lowability to frequency control is sufficient. As a result, 
the communication is not interrupted. 
[0094] When the vehicle passes immediately under 

15 the transmitting and receiving station B, the skipping of 
the frequency does not theoretically occur in the case 
of FIG. 9, whereas the skipping occurs in the case of 
FIG. 8. The reason for the occurrence of skipping in the 
case of FIG. 8 can be explained as follows. Since two 

20 antennas, each having a different direction, are provid- 
ed in a single transmitting and receiving station in the 
present invention, the received radio waves from these 
antennas are exchanged when the vehicle passes im- 
mediately under the transmitting and receiving station 

25 B, thereby causing the skipping of the frequency corre- 
sponding to double the amount of the deviation of the 
offset frequency. 

[0095] Althoughthe embodiment of the present inven- 
tion has been described above, the present invention is 
30 not limited thereto. Various changes and modification in 
the design can be made without departing from the 
scope of the present invention. 



35 Claims 

1 . A road transmission equipment used for a commu- 
nication system between a road and a vehicle, 
which communicates between a road communica- 
40 tion station arranged in a cell and a vehicle-mount- 
ed mobile station within the cell, comprising: 

a first transmitting antenna having a directivity 
in a running direction of a vehicle, a second 

45 transmitting antenna having a directivity in the 

opposite direction to the running direction of the 
vehicle, a first transmitting section and a sec- 
ond transmitting section respectively connect- 
ed to the first transmitting antenna and the sec- 

50 ond transmitting antenna to output signals of 

the same frequency, and a frequency correc- 
tion section, wherein; 

the frequency correction section provides the 
first transmitting section with a positive fre- 
55 quency offset for increasing the frequency of a 

signal supplied to the first transmitting antenna, 
and 

provides the second transmitting section with a 
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negative frequency offset for lowering the fre- 
quency of a signal supplied to the second trans- 
mitting antenna. 

A road transmission equipment as set forth in Claim 
1 , wherein the amounts of the positive frequency 
offset and the negative frequency offset provided by 
the frequency correction section are equal to each 
other. 
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A road transmission equipment as set forth in Claim 
1, further comprising a speed detection means for 
detecting the speed of the vehicle running in the 
cell, wherein 

the frequency correction section sets the « 
amount of the frequency offset based on the detect- 
ed speed of the vehicle. 



A road transmission equipment as set forth in Claim 
1 , wherein 

the amount of the frequency offset provided 
by the frequency correction section is set to a fixed 
value on the assumption that the vehicle is subject- 
ed to constant Doppler shift. 

A road transmission equipment according to any of 
Claims 1 to 4, wherein each of the first transmitting 
section and the second transmitting section trans- 
mits an orthogonal frequency division multiplex 
(OFDM) modulated radio wave. 
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FIG. 1 
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FIG. 3 
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FIG. 4 
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